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Description 

This is a continuation-in-part application of US. application Ser.No. 421 ,444, filed October 13. 1989, which is incor- 
porated by reference. The present invention relates to erythropoietin isoforms or mixtures thereof, to the methods for 
the preparation of specific isoforms or mixtures thereof, to pharmaceutical compositions comprising such isoforms or 
mixtures thereof, and to methods of treatment utilizing such isoforms and compositions. 

Rfi pkaround of the Invention 

Erythropoietin is a glycoprotein hormone involved in the maturation of erythroid progenitor cells into erythrocytes, 
tt is essential in regulating levels of red Wood cells in circutetion. Naturally occurring erythropoietin is produced by the 
liver during fetal life and by the Kidney of adults and circulates in the Wood and stimulates the production of red Wood 
cells in bone marrow. Anemia is almost invariably a consequence of renal failure due to decreased production of eryth- 
ropoietin from the kidney. Recombinant erythropoietin produced by genetic engineering techniques involving | the 
expression of a protein product from a host cell transformed with the gene encoding erythropoietin has been found to 
be effective when used in the treatment of anemia resulting Irom chronic renal failure. 

Until recently the availability of erythropoietin has been very limited. Although the protein is present in human urine, 
excreted levels are too low to make this a practical source of erythropoietin for therapeutic use. Patients suffering from 
aplastic anemia exhibit elevated levels of urinary erythropoietin relative to healthy individuals, btrt limited supplies of this 
urine also make such a source impractical. The purification of human urinary erythropoietin by Miyake et a), in J. Biol. 
Chem 252. 5558 (1 977) used, as starting material, urine from aplastic anemic individuals. 

The identification, cloning, and expression of genes encoding erythropoietin are described in U. S. patent 
4 703 008 to Lin. A description of the purification of recombinant erythropoietin from cell medium that supported the 
growth of mammalian cells containing recombinant erythropoietin plasmids for example, is included in U. S. patent 
4 667 016 to Lai et al. The expression and recovery of Wologically active recombinant erythropoietin from mammalian 
cell hosts containing the erythropoietin gene on recombinant plasmids has. for the first time, made available quarrtities 
of erythropoietin suitable for therapeutic applications. In addition, knowledge of the gene sequence and the ava.lab.lrty 
of larger quantities of purified protein has led to a better understanding of the mode of action of this protein. 

The biological activity of a protein is dependent upon its structure. In particular, the primary structure of a proton 
<i e its amino acid sequence) provides information that allows the formation of secondary (e.g. a helix or p-sheet) and 
tertiary (overall three-dimensional folding) structures by a polypeptide during and after its synthesis. The disruption of 
proper secondary and tertiary structures by the introduction of mutations or by chemical or enzymatic treatments can 
result in a reduction in biological activity. 

In procaryotic organisms, the biological activities of proteins are largely governed by the structures described 
above Unlike proteins from procaryotic cells, many cells surface and secretory proteins produced by eucaryotic ces 
are modified with one or more oligosaccharide groups. This modification, referred to as glycosylation. can drama ically 
affect the physical properties of proteins and can also be important in protein stability, secretion, and subcellular local- 
ization Proper glycosylation can be essential for biological activity. In fact, some genes from eucaryotic organisms, 
when expressed in bacteria (e.g.. E, coJD which lack cellular processes for glycosylating proteins, yield proteins that are 
recovered with little or no activity by virtue of their lack of glycosylation. 

Glycosylation occurs at specific locations along the polypeptide backbone and is usually of two types: O-lmked oli- 
aosaccharides are attached to serine or threonine residues while N-linked oligosaccharides are attached to asparagine 
residues when they are part of the sequence Asn-X-Ser/Thr, where X can be any amino acid except proline/The struc- 
tures of N-linked and O-linked oligosaccharides and the sugar residues found in each type are different. One type of 
suoar that is commonly found on both is N-acetylneuraminic acid (hereafter referred to as sialic acid). Salic acid is usu- 
ally the terminal residue of both N-linked and O-linked oligosaccharides and, by virtue of its negative charge, may con- 
fer acidic properties to the glycoprotein. 

Both human urinary derived erythropoietin and recombinant erythropoietin (expressed in mammalian cells) having 
the amino acid sequence 1-165 of human erythropoietin contain three N-linked and one O-linked oligosaccharide 
chains which together comprise about 40% of the total molecular weight of the glycoprotein. N-linked glycosylation 
occurs at asparagine residues located at positions 24. 38 and 83 while O-linked glycosylation occurs at a senne residue 
located at position 126 (Lai et al. J. Biol. Chem. 261 3116 (1986); Broudy et al. Arch. Biochem. Biophys^ 329 
(1988)) The oligosaccharide chains have been shown to be modified with terminal sialic acid residues^ Enzymatic 
reatment of glycosylated erythropoietin to remove all sialic ackJ residues results in a loss of invjys artMty but does not 
affect in yjtrfi activity (Lowy et al. Nature 185, 102 (1960); Goldwasser et al. J. Biol. Chem. 243, 4202 (1974)). This 
behavior has been explained by rapid clearance of asialoerythropoietin from circulation upon interaction with the 
hepatic asialoglycoprotein binding protein (Morrell et al. J. Biol. Chem. 241 155 (1968); Briggs. et al. Am. J. Physiol 
222. 1385 (1974); Ashwell et al. Methods Enzymol. 5SL 287 (1978)). Thus, erythropoietin possesses in Yjvq biological 
activity only when it is sialylated to avoid its binding by the hepatic binding protein. 
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The role of the other components in the oligosaccharide Chans of erythropoietin "^^ l *^^*f^^" 
shown thrt non-glycosylated erythropoietin has greatly reduced in yjffi acfivrty compared o the glycosylated torn, but 
(Dordal et at. Endocrinology m 2293 (1985); Un patent waa). In another stuiy. however 
l^^rt tinted or 04nked oligosaccharide chains singly or together by mutagenes* ol asparagine or senne 
fiH 5S5*» sites sLply reduces in yto activity ol the altered erythropoietin mat * produced m 
mammalian cells (Dube et al. J. Biol. Chem. 2§3. 17516 (1988)). 

riv^oroteins such as erythropoietin can be separated into different charged forms using techniques such as so- 
oU^^^OTE^e^^havVreportedlEF studies ol crude and parfially purified erythropoietin prepara- 
JJS Sf2". TSdSmS 909 <19*>); Shetton et al. Biochem. Med. 32. 45 (1975). Fuhr etaLBochenv 
SKoSri 9B0(1«e* Almost m,ee or four fractions ta^ng erymropoieth aWere d^ngus^ 
t^mlse studies and none were duracterized with respect to carbohydrate content In addrfon. no correlafion 

hPtween the isoelectric points ol the fractions and their biological activity was made. 

of urinary ervthropoietin from human urine discussed in Miyake et at SUETI, two erythropo,- 
votaT^rimhSaDatite ^ronatM^ designated II arri I IIA were reported to have me same spec* 

^robSr^rt^kSCovide separated and isofcted isoforms of erymrop»etin having a defined 
jS Ji Kl activity. Pharmaceutical conations comaining such molecules wou* have thera- 
peutic benefit, 
g ^mmnrv of the Invention 

The subject invention relates to erythropoietin isofcxms. Also provided is a method of m»*<0 «V 
ieofo m comprising the steps of subjecting purified erythropoietin to preparative isoelectric focusing and elufing a s.n- 
Z Z^ZZ Toel Pharmaceutical^ acceptable compositions comprising erythropoiefin isoforms are also pro- 
%£T S "n alt relTto methods creasing hematocrit levels in mammals comprisinfl adhering a 
2%e^« WPttoTe amount ol these compositions to increase production of reticulocytes and red blood 

T^Sect invenfion relates to a method of preparing a mixture of erythropoietin molecules having greater than or 
afierSleiSa predetermined nurrtoer o. sialic acids per molecule comprising sut^e«ngmater l al co*,n,ng 

Sre of T^ropdetin molecules having greater than or alternately .ess man a prec letermined number of s,al,c adds 
per molecule comprising subjecting a material containing erythropoietin to chromatofocusing. 

Rrinf Descrj ptipp "f Drawinos 

Figure 1 shows an analytical isoelectric tocusing gel of the separate recombirto ' e ^Poi^.^« Gel toes 
1-11 show isoforms ranging from less asdic (higher pi) in lane 1 to more acidic i(bwe P». " toe 1 1 Punfied 
recombinant erymropoiefin contain^ a mixture of isoforms 9-14 is also shown in toe tar left and right toes of toe 

, F«ure 2 shows me relationship between me nurrfcer ot sialic adds per e ^ h ^ n ,^ rm ^* e a ^fX 
cif activity of each isotorm expressed as units per mg of erythropdefin polypeptde. In Figure 
fion of each erythropoietin isotorm was determined by toe Bradford protein assay, n 2B, toe concentratran was 

determined bvabsorbance at 280 nm, in 2C. the concentration was determined by RIA. 

F^fhlTanalyfica, isoelectric focusing g* of defied mixtures of recorrfcinam <^^^*«™ 

s prepared by anion exchange chromatography under different conditions. Gel toes 1* represent. r"P**«fc 
e^yW,il isotorms eluted in a hto salt wash after washing me °**^J^<£^ ^ 
Lricadd oH 4 7 150 mM acetic add (unbuffered). 200 mM acetic acid. pH 4.7, 250 mM acetic acid. pH 4.7, 300 
nSSaca pi; Tl or 300 mM acetic add (unbuffered). Purified recombinant erymropoiefin «ttn.ng _a m«- 
.TeoCtorm as obtoined using procaduresdescrb^ 

a rose chromatography is replaced by Q-Sepharose chromatography is also shown in the far left lane of the get 

° F^urfrSKarSion of erytrjpdefin fcoforma 8 to 12 achieved by Reefing eel 

allied toacolumn of Q-Sepharosetoagradient of decreasin, IP H ^'"^'^^o PurtSfecT 
numb*-edfracfionsftomFracfion2»Fracfion4^ 

binant erytoropoietin containing a mixture of isoforms obtained using procedures described ^ 
■s al La Except that DEAE-Agarose chromatography is replaced by Q-Sepharose chromatography. ,s also shown 
in me far left toe of me gel. 
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Detailed Description a * fre Invention 



According to the present invention, erythropoietin isoforms are provided. Isoelectric ^m^M ' P£ 
teir^eb^sol charge. When placed in a pH gradient and subjected to an elednc leU, prawn wil «»Mt> 
S * wWdT^tave no net charge and remain there. This is the isoelectric point (pi) of the protein Each distinct 
£22!^ T« iff^^Seoites that have a particular pi and therefore the same overall charge, and .s 
^eoSoT^ 

has 3St^T~n-human eucaryotic host ce«. that is. in a preferred embodiment the erythropoietin ,s 
%2££ZS«<Xr. Recombinant erythropoietin k advanfogeously produced ™^«« 
d^STcZnwW owned Un U.S. Patent 4.703.008 hereby incorporated by reference. Recombinant erytoopoe- 
T ^L^l^ZTou^according to the general procedures described in Example 2 of commonly owned La, et 
a uTp^r^^etZ^po^ed" by reference, or alternately the procure descrfoed in Example 2 
wherein KffiZ* chrorrSgraphTis reptaced by Q-Sepharose chromatography. In the Q-Sepharose column 
S^S« T,£to~2sZl< NaCI in the buffer solution used to bring the column to neutral P* and 140 
mtfSSreTS Sin the buffer solutton used to elute erythropdetin from the column This matenal, when 
antSby JXrr dcTcyl sulfate polyacrylamkie gel electrophoresis, migrates as a single species (,.e. band> When 

°' *! Ke^tuno'foafdTcrete isotorms of recombirent erythropoietin having the amino add 1 sequence ot ^foary 
derivldTun^n e,yZ.poietin correspond to erythropdetin molecules having from 1-14 sialic ac* and aach isoform 
Preaert fopLed recombinant erythropoietin has an in yto actvity which is related to « hen ^^' c n a »* 
fiSrm Masses The term -erythropoietin", as used herein, includes naturally occurring erythropoietin, unnary 

Son suffocative of that of naturally occurring erythropoietin to alK~po^onof in yjvg biological 
orooerties of causing bone marrow cells to increase production of reticulocytes and red Wood cells 

CruTe preparations of erythropoietin have many isotorms but material purified for example as in the La. et al pat- 

• ^SE^iESS ^ <* eryforopde^n and number ddalic addred- 

aJT££v*#n molecule Inn the isotorms 5 through 1 1 (each isoform is designated herein by the number of 
at^lrXpoietin molecule). Isoforms 11 through 14 have approximatdy the same relative myiygspecrfc 
SS^Sto^rS^t^d tor I viva adivi.y by the extvpoxc polycythemic mouse bioassay and the amourrt 

, ^11 kZ^nresent is d«em*ied by Bradford protein assay, absorbance at 280 nm or by radioimmunoassay (RIA) 

Zi\t- TTOunte/hW erythropoietin polypeptide, the average specific adivity of purified erythropoietin as determined by 
K SS^" ^ted isoforms or isotorm rrtxtures expressed as ^ZTto'S 
tide/ml. As ahown in the Examples, the relative in yjye spedfk: aciivities increase step-wise from isoform 5 to isotorm 



Tte tavL specific activities refened to herein are measurements of relative in Sffiffl specific acavrtes and are not 
mealur^n^d^dXfayiya spedfic activities. Forthe purposes of this applicaSon. the specrfeactovrtes areused 
oT to ™ereSacSof isotorms that have been assayed using the same assay, using the same conditions 
ItSlSari the same type of animals, having the same analysis of the data used to calculate 

reported tor any isoform represents an inherent or absolute value tor that isotorm. 

The subjed inventtonTrov'des erythropde«n isotorms The spedfic isoforms of •"•■W 
ance with the present invention, and their properties, may vary depending upon the source of the s«nfl "^naLFor 
«amole me isoforms of urinary derived human erythropdetin are different than the isotorms of re^rant erylhro- 
rttfn in b ^^n^d embodiment, the invenfen relates to an erythropoietin isoform having a speofic number (« a 
t^nTerS sialic adds per arythropoietin mdecule. said number seleded from the group cons^ng 

TtZ TaoS^M* i number is 9. 10. 1 1. 12. 13. or 14. In another embodiment said number is greater than 

1 4> SSallo'ptides compositions comprisinB two or more erythropoie«n isoforms. .n one embodiment .he 
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•™ = « fcntor ms havina areater than a predetermined number of sialic acids per erythro- 
"T^^THirlnn^S^^n —e. or grea.er.han 12 Me acids per mole- 
poietin molecule. Vstnd Hln ar^eVernSdiment the compositions comprise mixtures of isoforms 

l l S;rit^V*ZCU macule, eg. less man ,2, *W 

having a preaeiermineu " isoforms 9 10. and 11. The invention also provides tor compositions 

of teotornTg. 10 and 11 could have the isoforms present in a vanety of rates such as 1.1.1. 2.3.1 •»»>• 

Advantageously, the cordons comprise mitres of less than four isoforms. for example a mixture of isoforms 

1 1 ' USIS ^Ta^^ts'U a*o proves me»tods of isolat ng selected 
JlZZZEEZ ^toneousl 'These methods include isolation of individual isoforms by techniques such as 
erythropo.etn ,»ton«^teneo^^™ese a redetermined number of sialic adds 

p^Mtor-^ 

uTnHhese techniaues have as their besis the separation of proteins according to charge. 

JESrtta? eTchange chromatography and chromatofocusing involve application of ether crude human eryth- 

rZTZTJZ «t ohojt oH 7 while for purified preparations the protein can be applied to the column at pH 7 down to 
SSSni * * buffe'r aabou. pH 4. those erytoropoietn isoforms thai remain bound on toe 

Z^sialyliransferase) are most efliciem at adding sialic acidtothe mannose a 1.6 and mannose a 1.3 branches respec 

"""nihvMratelaie reductase (DHFR) deficient Chinese Hamster Ovary (CHO) cells are a commonly used host cell tor 
the including recombinant erythr^xxetin. These cells do not express the 

,7. „ 9 fi Riaivitransferase aene to awe incorporation of sialic acid in a 2,6 linkage to galactose, bee 

LtfefTj^ 

iJrJSSf refers to erythropoietin with one a more changes in the am,no add sequence of >»™ «£- 
"i an increa£ in the nuntoer of dies tor sialic acid **££^£ZZ£X£ 
directed mufaaenesis having additions, deletions, or substitutions of amino acid residues that alter srtes that are avail 
SEto ZZ, ^analogs have a greater number of carbohydrate chains than human erythropoietn. 
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r , .T^rSr,™ oTnMm of isoforms toflether with a suHable diluent, adjuvant and/or earner useful in 
^^l^TZ^ll^^ount- as used herein refers to that an™, which provides there- 

S .««SK «d LiHta regimen. The adrrfnistration of 
« ^ ^P^routes The soecific route chosen will d^end upon the condition be,n 0 treated. The admm.strat.on of 

not been directiy correlated to any existing international standard. 
FYflmole 1: ^tinn of Re c ombinant Erythropoietin Isoforms 

R^mhinant ervthroooietin is produced as described in Lin, SUB*. Recombinant erythropoietin used as starting 

monly owned Q _L DharosB chromatography. These preparations contain a mixture of isoforms of 

al. sypm using tf"^"*T* ^Snoa^seo^e as urinary derived human erythropoietin and contain 
r^ntonanteryth^^^ isoform preparation is the material which elutes during 

the 5 nr^a^caad/l mM glya n*6M u aa by fjlfration chromatography as 

In the first preparation, appiu*jn«ic , » fa-**! at « watts for approximately 16 hours. After isoelectric 

^Ta^noJ ^SSSS^SuSmmdh. room terrperature) of fixing solution (40% metha- 
^^J^^SZ^^. ouyectedtoc^cha^^apprc^imatefv 10^«*«% 

aTec^ toelTa conTc, print of me gel bed is made as before. The portion of gel conta,n,ng each of the s* d,s- 

. ce t:rtoir.^^ 

each feotorm to generate a slurry. The slurries are placed in small columns and washed with the Tns-Cbaps buHerThe 

to thS are^ected and applied separately to small colon** (open column conftguraton) containmg Vydac C4 

S Phie re^ Wflit»atedin 20% ethanol/10 mM Tris-HCI. pH 7.0. The columns are developed siepw.se «fc 

^ !f mn ,!u iS un nH 7 0 35% ethanol/10 mM Tris-HCI. pH 7.0, and 65% ethanol/10 mM Tns-HCI. pH 7.0. 
20% ethanol/10 mM Tre-HQ, pH 7J, 3S*> ettenou -P and ^ Xg cmBKtlB . 

* ™Trt^!XaeS 
S^oS^^^ 

3 - 5 rS^«'"S e,y»ropoiefin in 6, rrf o, denized water are 
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- „nrt tocused at 2 5 watts tor 35 minutes and 10 watts for approximately 17 hours. The bands of 

applied to the gel and focused at *.o wans,ui ^ different pools Each pod is brought to about 7.5 

focused protein, which are vrt* ; « the J* """J ^^^Xc^fo^nalyBcal isoelectric focus- 

ing as described abcjrejo^ *ch ° „ ^ resin K ^ ^ approximate* three volumes 

S oTmT^^TX^ sSTs con*in* w«h me „ow through. The duant. «e«^ 

•o^-^npred-n^^ 

in a third preparaton. ^T^J^o^o^ hot* anTlS watts tor 15 -rtnu.es. Protein bands corre- 

.solated soforms ^lo generate a slurry ar«™ w h suspensions are placed into separate small columns. 

^S^SKST- i« SUSSTi--. isofo- 3, (prepared . 
desleo^ TprioTpr^arell isoelectric tossing carried out essentially as desaibed tor Pf eparabor» 1* 
!1 .1 !^hL e T Ptor^vte 2 5-5) were pre-tractionated in a Rototor (Bio-Rad. Richmond. CA) IquK) phase .so- 

devlces ^x- * .^i,,^ mokP the ultraviolet absorbance characteristics of the isoform 

preparations more simna ^ fo m . ^ ated lsoforms . The average ratio of absorbance 

the average A280/A260 ratio for preparations 5 and6(pre*cus«0 . l« £ W»uM #14 s ex 
. mecaleu.aUon.m.ave^A^^^ 

" ''Tde^bedab^e.theetad^^ 

» to remove carrier ampholytes. 

Pvnmnlp 2 Sialic AsM OgBtfiDl gj Rf*-ornninant Erythropoietin Informs 

The isotorms isolated as described in Example 1 and erythropoietin purified according to procedures described in 
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Lai et al supra (mixture of isoforms 9 to 14) are buffer exchanged into 0.10-0.15 M sodium chloride and analyzed tor 
sialic acid content by a modification of the procedure of Jourdian et al. J. Biol. Chem. 246, 430 (1971). The sialic acid 
residues are cleaved from the glycoproteins by hydrolysis with 0.35 M sulfuric acid at 80*C for 30 minutes and the solu- 
tions are neutralized with sodium hydroxide prior to analysis. In order to estimate the amount of erythropoietin protein 

5 present a Bradford protein assay (Bradford Anal. Biochem. 7£ 248 (1976)) using recombinant erythropoietin having 
the amino acid sequence of human erythropoietin as standard is performed using the assay reagents and the micro- 
method procedure supplied by Bio-Rad. The results, expressed as moles of sialic acids per mole of erythropoietin, are 
shown in Table 1. Isoforms are designated according to the number of sialic adds per molecule and range from least 
acidic (isoform 9) to most acidic (Isoform 13). Isoforms 9-13 are shown in gel lanes 6-10 of Figure 1 . Quantities of teo- 

I0 form 1 4 are insufficient to accurately measure the sialic acid content. The sialic acid content of this isoform is inferred 
from its migration on IEF gels relative to other isoforms. The sialic acid content of isoforms 5-8 (preparation #4) has not 
been measured but is likewise inferred from their migration on IEF gels. 



TABLE 1 



15 



20 



25 



ERYTHROPOIETIN 
ISOFORM 


MOLES SIALIC 

ACID/MOLE 
ERYTHROPOIE- 
TIN 


Isoform 13 


12.9±0.5 


Isoform 12 


11.8 ±0.2 


Isoform 11 


11.010.2 


Isoform 10 


9.8 ± 0.3 


Isoform 9 


8.9 ±0.6 


Isoform Mixture (9-14) 


11.3 ±0.2 



Example 3: Activity of Recom binant Erythropoietin Isoforms 

The isoforms isolated as described in Example 1 are assayed by absorbance at 280 nm. by Bradford protein assay 
and by RIA for erythropoietin to determine the amount of recombinant erythropoietin present. The exhypoxic poly- 
cythemic mouse bioassay (Cotes et al. Nature m 1065 (1961)) is used to determine the relative in vivo, biological 
activity Quantitation of the amount of erythropoietin protein present using a radioimmunoassay for erythropoietin pro- 
duced results having higher relative in yjvg. specific activity for certain isoforms because of an apparent decreased 
immunoreactivity of isoforms containing large amounts of sialic acid leading to an underestimation of the erythropoietin 
concentration and thus an overestimation of the relative in yjva specific activity for the most negative isoforms. Mouse 
bioassay determinations, expressed as units/ml, are divided by the corresponding protein concentrations to give in vjyo. 
specific activities expressed as units/mg erythropoietin polypeptide. These specific activities are shown in Table 2. 

In Table 2. "n" is the number of independent isoform preparations which contribute to the specific activity value. In 
most cases several in yjvQ assays were performed on each isoform preparation. The same in viye data contribute to the 
specific activity calculations for all three columns, units/mg erythropoietin polypeptide was determined by the absorb- 
ance at 280 nm. from radioimmunoassay potencies, or from Bradford protein assay results. Purified recombinant eryth- 
ropoietin containing isoforms 9-14 was used as the standard in the Bradford protein assay, "n" may be less for the 
calculation made using the Bradford protein assay as some preparations were no longer available at the fcrne the Brad- 
ford assays were performed. 

Erythropoietin purified according to the procedures described in Lai et al., supra and containing a mixture of iso- 
forms 9 to Misused as a standard for the RIAsand in yjyo. assays. 

The relative specific activities expressed as units/mg erythropoietin polypeptide can be converted to urats/A 280 by 
multiplying by 0.807 mg erythropoietin polypeptide/Azeo. The conversion factor is derived by multiplying the extinction 
coefficient of erythropoietin (1.345 mg/Aaao) by the protein content of the erythropoietin glycoprotein (about 60% by 
weight Davis et al. Biochemistry 2633 (1987)) to obtain mg erythropoietin polypeptide/A^ (i.e., 1 .345 mg erythro- 
poietin/Agao x 0.60 mg pdypeptide/mg erythropoietin = 0.807 mg polypeptide/Asso). In addition, specific activities 
expressed as unfts/mg erythropoietin polypeptide can be multiplied by the factor 0.60 mg polypeptide/mg erythropoietin 
glycoprotein to give specific activities expressed as units/mg erythropoietin glycoprotein. 
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TABLE 2 



Iso- 
lorm 


U/mG Polypeptide 
(Bradford Protein Assay) 


n 


U/mG Polypeptide 
(From A280) 


n 


U/mG Polypeptide 
(From R1A) 


n 


14 


289.400 ±3,100 


2 


205.800 ± 37,700 


2 


366,700 ± 55.900 


2 


13 


307.600 ± 30,600 


4 


oco 7aa + 59 goo 


5 


337.200 ± 40,200 


5 


12 


275.200 ±55.600 


4 


258.400 ±41.700 


5 


287,700 ±42.600 


5 


11 


282.700 ±41,100 


3 


255.800 ± 67.300 


4 


251.400 ± 62.700 


4 


10 


188.000 ±1.900 


1 


170.300 ± 34,500 


3 


171 ,900 ±31 .600 


3 


9 






96.600 ±46.700 


2 


113,600 ±39.600 


2 


8 


65.200 ±3,800 


1 


70.600 ±4,100 


1 


61,000 ±3,500 


1 


7 


46,200 ±5.800 


1 


50.300 ±6,300 


: 


42,800 ± 5.400 


1 


5 


16,600 ±1,700 


1 


18,300 ±1.900 




15,50011,600 


1 



The data in Table 2 are also presented graphically in Figures 2A, 2B and 20 Vmm d Jf» f^f* 9 
vivo arivhyof erythropoietin increases as a tunction of sialic acid content up unW .solorm^ ^rrsVM4 have 
^SaTthe «meVetative in yjyo. bioactivity. (This is most apparent when the coreer^Son «c^ 14 s 
SoSsed uanoTe Bradford asaaTvalue. The Bradford value may be more accurate tor isoform 14 because of the 
ard the resuning difficulty in determination by and the most W"**"-" 1 
fCSv infhlwA ofverv negative forms discussed previously). The greater relative m fflyo. specrfic activity of eryth- 
S £££ ha^mo X-ETli most likely due to a longer circulate hall-He of these form, teoforms 9 
ZTJ^SZotCSve iod*,e f»0 and ft* rate of clearance k. rats wasde.errr.ned. The haNrfe ,n a, 
culation was significantly longer tor isoform 13 than for isoform 9. 

San aa s^mn ft « BfiarrMrggi rrv,hrnnni*in bfltem Miaura by o-^r^e Qhromatwtaphy 

Cell conditioned media from the products of recombinant eryftrcpoietin according tofta P™^«"£brt 
in Lin aSTare concentrated end diafihered against 10 mM Tris. pH 7.2. Prote,n co«ertration >■«»"«"■* * *■ 
assay using bovine ^^"^'^^SSr^ 

hecght x2.2 cm diamtfer) c iT^sarnole application, the column is washed with two column volumes of the same 

Columns are ^""T 0 """ ^ to dH 4 7 with NaOH; Column #2. 200 mM acetic aad. 1 mM glycine, 
l^S' eCS^fopH^NaOH^ c*Z «. 2*0 mM acet>cac«. 1 mM glycine. 20 pM CuS0 4 . 
fi^rMa^usted to?H 4 TvrthNaOH; Column #4. 300 mM acetic add. 1 mM glycine. 20 pM CuSO, 6 M urea 

erythropoietin isoform mixtures are eluted from the columns by washmg with 10 mM Tris-HCI. 140 mM Nad. pM 

°" ^'e eWrfisoform pools from each column are concentrate and solvent exchanged «J 
Crttan-10 rnicrocorximrator. The results of analytical isoelecaic focusing «*"*™^f,^™?™£. 
p! TJT r?«i lanes 1-6 reoresem defined erythropoietin isoform mixtures eluted from column 1.5.2.3.4 arw 6 respec 

isoelectric focusing. 
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ExarT ple 5: Fifl^nnatkm of R^mhinant Erythr opo i et in Isoforms Us in g a Low pH GHdifiDj op Q-Sephairee 

in another procedure, erythropoietin isotorms are separated using a gradient of decreasing pH and increasing ionic 
strength. The concentrated dialiltered erythropoietin containing media is loaded to a column of Q-Sepharose at a ratio 
of approximately 40 mg total protein/mL gel. The column is then washed with approximate y two column volumes d 10 
mMTris HCI pH 7 0 and then approximately 10 column volumes of 2 mM acetic acid/1 mM glycine/20 uM CuSCye M 
urea idH approximately 4.8) to remove contaminating proteins and erythropoietin isotorms containing less than approx- 
imately 7 sialic acid residues. Isotorms containing from approximately 8 to approximately 1 2 sialic acids are eluted from 
a gradient starting at approxirnately 2 mM acetic acid in 6 M urea/1 mMgrydneCO „M CuS0 4 and 
running to 40 mM acetic acid/6 M urea/1 mM glycine/20 U M CuS0 4 (pH approximately 4). The total volume ofthe gra- 
dient is approximately 40 column volumes and fractions of approximately one column volume each are co ected .nto 
vessels containing a volume of Tris buffer sufficient to bring the pH into the range of 6-8.5 so as to avoid long term expo- 
sure of the collected fractions to low pH. Aliquots of the fractions are subjected to analytical isoelectric focusing tomon- 
itor the separation. Figure 4 shows the separation of isotorms 8-1 1 which may be achieved by this procedure. Isotorms 
12-14 which remain bound to the column at the end of the gradient are eluted by washing with a buffer consisting of 10 
mM TrisHC), 140 mM NaCI. 20 uM CuSO< (pH 7.0). The isotorms (separated during the gr ad.ent ° r b V ^ 
sodium chloride solution) are freed of contaminating proteins by reverse phase chromatography followed by gel filtration 
chromatography as described in Example 2 of Lai et al. 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1 An isolated biologically active erythropoietin isoform having a single isoelectric point and having a specific number 
of sialic acids per erythropoietin molecule, said number being selected from the group consisting of 1 to 14. 

2. An erythropoietin isoform according to Claim 1 wherein said isoform is the product of the expression of an exoge- 
nous DNA sequence in a non-human eucaryotic host cell. 

3. An erythropoietin isoform according to Claim 1 wherein said isoform comprises erythropoietin having the amino 
acid sequence of 1-165 or 1 -166 human erythropoietin. 

4. An erythropoietin isoform according to Claim 1 having 14 sialic acids per erythropoietin molecule. 

5. An erythropoietin isoform according to Claim 1 having 13 sialic acids per erythropoietin molecule. 

6. An erythropoietin isoform according to Claim 1 having 1 0 sialic acids per erythropoietin molecule. 

7. An erythropoietin isoform according to Claim 2 wherein said eucaryotic host cell is a CHO cell. 

8. A pharmaceutical composition comprising a therapeutically effective amount of said erythropoietin isoform of Claim 
1 and a pharmaceutical^ acceptable diluent, adjuvant or carrier. 

9. A composition consisting essentially of two or three erythropoietin isotorms according to Claim 1 

10. A composition according to Claim 9 consisting essentially ol erythropoietin isoforms having less than 12 sialic acids 
per molecule. 

11. A composition according to Claim 10 consisting essentially of erythropoietin isoforms having 9. 10 and 11 sialic 
acids per erythropoietin molecule. 

12. A composition according to Claim 9 consisting essentially of erythropoietin isoforms having greater than 11 sialic 
acids per molecule. 

13. A composition as in Claim 12 consisting essentially of erythropoietin isotorms having 13 and 14 sialic acids per mol- 
ecule. 

14. Erythropoietin consisting essentially of biologically active erythropoietin molecules having an identical number of 
sialic acids per molecule, said number being selected from the group consisting of 1 to 14. 



10 



EP 0 428 267 B1 

15. Erythropoietin according to Claim 14 having 14 sialic acids per erythropoietin molecule. 

16. Erythropoietin according to Claim 14 having 13 sialic acids per erythropoietin molecule. 

17. Erythropoietin according to Claim 14 having 10 sialic acids per erythropoietin molecule. 

18. Erythropoietin a^^ 

sequence in a non-human eucaryotic host cell. 

, 9. Erythropoietin acceding to Claim 13 wherein said erythropoieta has the ammo acid sequence of human erythro- 
poieGn. 

20 A pharmaceutical composition comprising a therapeutically e«ective amount of erythropoietin of Claim 14 and a 
pharmaceutically acceptable diluent, adjuvant or earner. 

21 . A method o. preparing an erythropoietin isoform according to ^^^l*^^"* 3 ^ 
erythropoietin to preparative isoelectric focusing, and eluting a smgle .sotorm from the gel. 

„„ „ ^ , mhrturo of erythropoietin isotorms having a predetermined riumljer of sialic acids per mol- 

materia, coning erythropoietin to ion exchange 

chromatography, 
focusing. 

24. The composition according to Claim 9 for use in a method of increasing hematocrit levels in mammals. 

25. A method for obtaining an erythropoie*. oomposKion having a *° «** p " 
comprising preparing a mixture of two or more erythropoietin soforms eceord.ng to darn, 1 . 

26. Themethod of Qaim 25 wherein said mixture consists essentially of at least two isofams having .ess than 12sialic 
acids per molecule. 

27. The method of Qaim 26 wherein said mixture consists essentially of erythropoietin isotorms having 9. 10 and 1 1 
sialic acids per molecule. 

28. The method of Claim 25 wherein saki mixture consists essentially of at least two isotorms having greater than 1 1 
sialic acids per molecule. 

29. The method as in Claim 28 wherein said mixture consists essentially of erythropoietin isotorms having 13 and 14 
sialic acids per molecule. 

Claims for the following Contracting States : ES, GR 

, a m«thnd «f oreoarina a biologically active erythopoietjn isoform. which method comprises isolating a biologically 
1 - ale^ 

ropoietin molecule, said number being selected from the group cons.st.ng of 1 to 14. 

2. A method according to Qaim 1, wherein said isoform is produced by the expression of an exogenous DNA 
sequence in a non-human eucaryotic host cell. 

3. A method according to Claim 1 , wherein said isoform comprises erythropoietin having the amino add sequence ol 
1-165 or 1-166 human erythropoietin. 

4. A method according to Claim 1 , wherein said isoform has 14 sialic acids per erythropoietin molecule. 

5. A method according to Claim 1 . wherein said isoform has 13 sialic acids per erythropoietin molecule. 
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6. A method according to Claim 1 . wherein said isoform has 10 sialic acids per erythropoietin molecule. 

7. A method according to Claim 2, wherein said eucaryotic host cell is a CHO cell. 

8 A method of preparing a pharmaceutical composition, which method comprises combining a therapeutically effec- 
adjuvant or carrier. 

9 A method of preparing erythropoietin, which method essentially comprises preparing biologically active erythropoi- 
e ti rmo^l^r v ing an^entol nun*er of sialic acids per molecule, said number being selected from the group 
consisting of 1 to 14. 

10. A method according to Claim 9. in which there are 14 sialic acids per erythropoietin molecule. 

11. A method according to Claim 9. in which there are 13 sialic acids per erythropoietin molecule. 

12. A method according to Claim 9. in which there are 10 sialic acids per erythropoietin molecule. 

13. A method according to Claim 9. wherein said molecule is produced by the expression of an exogenous DNA 
sequence is a non-human eucaryotic host cell. 

14 A method of preparing a pharmaceutical composition, which method comprises combining a therapeutically eftec- 
ent, adjuvant or carrier. 

1 5 A method of preparing an erythropoietin isoform according to Claim 1 . comprising the steps of: subjecting a purified 
erythropoietin to preparative isoelectric focusing, and eluting a single isoform from the gel. 

16 A method of preparing a mixture of erythropoietin isoforms having a predetermined number of sialic, acids per mol- 

eU^ 
chromatography. 

17. A method of preparing a mixture of erythropoietin isotorms having a predetermined ™^ r °^ n ac Jf r S P*'™'; 
ecule. said nunierbing greater than 11. comprising subjecting a matenal eonta.r.ng erythropo,etn tochromato- 

focusing. 

18. A method for obtaining an erythropoietin condition having a predetermined jmber of 

comprising preparing a mixture of two or more erythropoietin isoforms prepared accord.ng to the method of Claim 

1. 

1 9. The method of Claim 1 8. wherein said mixture consists essentially of at least two isoforms having less than 12 sialic 
acids per molecule. 

20. The method of Claim 19 wherein said mixture consists essentially of erythropoietin isoforms having 9. 10 and 1 1 
sialic acids per molecule. 

21. The method of Claim 18 wherein said mixture consists essentially of at least two isoforms having greater than 11 
sialic acids per molecule. 

22. The method as in Claim 21 wherein said mixture consists essentially of erythropoietin isoforms having 13 and 14 
sialic acids per molecule. 

23. A method according to Claim 18. for use in a method of increasing hematocrit levels in mammals. 

24. A method according to Claim 22. wherein said erythropoietin has the amino acid sequence of human erythropoie- 
tin. 
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PatentansprOche 

PatentansprOche fQr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 Pine isolierte biolooisch aktive Erythropoirtin-lsotorm, mit einem einzigen isoelektrischen Punkt und mit einer spe- 
^T^^^^^^^m^, wobei besagte Anzahl ausgewahK ,st aus der 

Gruppe, die aus 1 bis 14 besteht. 

2. Eine Erythropoietin-lsotorm nach Anspruch 1 . wobei besagte Isoform das Produkt der Expression einer exogenen 
DNA-Sequenz in einer nicht-menschlichen eukaryorttischen Wirtszelle ist. 

3 Eine Erythropoietin-lsoform nach Anspruch 1 . wobei besagte Isoform Erythropoietin umfaBt. das die Aminosdure- 
sequenz von 1-165- oder 1-166-Human-Erythropoietin aufweist. 

4. Eine Erythropoietin-lsoform nach Anspruch 1. mit 14 Sialinsauren pro Erythropoietin-MolekQi. 

5. Eine Erythropoietin-lsoform nach Anspruch 1. mrt 13 Sialinsauren pro Erythropoietin-Molekul. 

6. Eine Erythropoietin-lsoform nach Anspruch 1. mit 10 Sialinsauren pro Erythropoietin-Moleka. 

7. Eine Erythropoietin-lsoform nach Anspruch 2. wobei besagte eukaryontische Wirtszelle eine CHO-Zelle ist. 

8 Eine Dharmazeutische Zusammensetzung, die eine therapeutisch wirksame Menge an besagler Erythropoietin- 
Lform vrC^ch 1 und ein pharmazeutisch annehmbares VerdOnnur*srnmel. Adjuvans oder Tragermrttel 
umfaBt. 

9. Eine Zusammensetzung, die im wesentlichen aus zwei oder drei Erythropoietin-lsoformen nach Anspruch 1 
besteht. 

10. Eine Zusammensetzung nach Anspruch 9, die im wesentlichen aus Erythropoietin-lsoformen mit weniger als 12 
Sialinsauren pro Molekul besteht 

11. Eine Zusammensetzung nach Anspruch 10. die im wesentlichen aus Erythropoietin-lsoformen mrt 9. 10 und 11 
Sialinsauren pro Erythropoietin-Molekul besteht 

12. Eine Zusammensetzung nach Anspruch 9. die im wesentlichen aus Erythropoietin-lsoformen mit mehr als 11 
Sialinsauren pro Molekul besteht 

13. Eine Zusammensetzung nach Anspruch 12. die im wesentlichen aus Erythropoietin-lsoformen mit 13 und 14 
Sialinsauren pro Molekul besteht. 

14 Erythropoietin, das im wesentlichen aus biologisch aktiven Erythropoietin-Molekulen mit einer aerrtschen Anzahl 
Von Ssauren pro MolekQI besteht. wobei besagte Anzahl ausgewahlt .st aus der Gruppe. d.e aus 1 b.s 14 
besteht. 

15. Erythropoietin nach Anspruch 14, mit 14 Sialinsauren pro Erythropoietin-Molekul. 

16. Erythropoietin nach Anspruch 14. mit 13 Sialinsauren pro Erythropoietin-Molekul. 

17. Erythropoietin nach Anspruch 14. mit 10 Sialinsauren pro Erythropoietin-Molekul. 

18. Erythropoietin nach Anspruch 14. wobei besagtes Molekul das Produkt der Expression einer exogenen DNA- 
Sequenz in einer nicht-menschlichen eukaryontischen Wirtszelle ist. 

19. Erythropoietin nach Anspruch 13. wobei besagtes Erythropoietin die Aminosauresequenz von Human- Erythro- 
poietin aufweist 

20. Eine pharmazeutische Zusammensetzung. die eine therapeutisch wirksame Menge an ^ropoietin von 
Anspruch 14 und ein pharmazeutisch annehmbares Verdunnungsmrttel. Adjuvans Oder Tragermrttel umfaBt 
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21. Ein Verfahren zur Herstellung einer Erythropoietin-lsoform nach Anspruch 1, welches die Schrltte umfaBt daB ein 
gereinigtes Erythropoietin praparath/er isoelektrischer Fokussierung unterzogen wird und eine einzelne Isoform 
aus dem Gel eluiert wird. 

22. Ein Verfahren zur Herstellung einer Mischung von Erythropoietin-lsoformen mit einer vorbestimmten Anzahl von 
Sialinsauren pro MolekOI, wobei besagte Anzahl groBer als 1 1 ist. welches umfaBt. daB Material, welches Erythro- 
poietin enthfilt, einer lonenaustauschchromatographie unterzogen wird. 

23. Ein Verfahren zur Herstellung einer Mischung von Erythropoietin-lsoformen mit einer vorbestimmten Anzahl von 
Sialinsauren pro MolekOI, wobei besagte Anzahl groBer als 11 ist. welches umfaBt, daB ein Material, das Erythro- 
poietin enthaft. einer Chromatofokussierung unterzogen wird. 

24. Die Zusammensetzung nach Anspruch 9 zur Verwendung in einem Verfahren zur Erhohung der Hamatokritgehalte 
in S&ugetieren. 

25. Ein Verfahren zum Erhatten einer Erythropoietin-Zusammensetzung mit einer vorbestimmten Anzahl von Sialin- 
sauren pro MolekOI. welches umfaBt. daB eine Mischung aus zwei oder mehr Erythropoietin-lsoformen nach 
Anspruch 1 hergestellt wird. 

26. Das Verfahren nach Anspruch 25. wobei besagte Mischung im wesentlichen aus wenigstens zwei Isoformen mit 
weniger als 12 Sialinsauren pro MolekOI besteht. 

27. Das Verfahren nach Anspruch 26. wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen mit 9. 
10 und 1 1 Sialinsauren pro Molekul besteht 

28. Das Verfahren nach Anspruch 25. wobei besagte Mischung im wesentlichen aus wenigstens zwei Isoformen mit 
mehr als 1 1 Sialinsauren pro MolekOI besteht. 

29. Das Verfahren nach Anspruch 28. wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen mit 13 
und 14 Sialinsauron pro Molekul besteht 

PatentansprQche fOr folgende Vertragsstaaten : ES, GR 

1. Ein Verfahren zur Herstellung einer biologisch aktiven Erythropoietin-lsoform. wobei das Verfahren umfaBt. daB 
eine biologisch aktive Erythropoietin-lsoform mit einem einzigen isoelektrischen Punkt und mit einer spezifischen 
Anzahl von Sialinsauren pro Erythropoietin-MolekOI isoliert wird. wobei besagte Anzahl ausgew&hlt ist aus der 
Gruppe. die aus 1 bis 14 besteht 

2. Ein Verfahren nach Anspruch 1. wobei besagte Isoform durch die Expression einer exogenen DNA-Sequenz in 
einer nichtmenschlichen eukaryontischen Wirtszelle produziert wird. 

3. Ein Verfahren nach Anspruch 1. wobei besagte Isoform Erythropoietin mit der Aminosauresequenz von 1-1 65- 
oder 1-166-Human-Erythropoietin umfaBt. 

4. Ein Verfahren nach Anspruch 1 . wobei besagte Isoform 14 Sialinsauren pro Erythropoietin-MolekOI aufweist. 

5. Ein Verfahren nach Anspruch 1 , wobei besagte Isoform 13 Sialinsauren pro Erythropoietin-MolekOI aufweist. 

6. Ein Verfahren nach Anspruch 1 . wobei besagte Isoform 10 Sialinsauren pro Erythropoietin-MolekOI aufweist. 

7. Ein Verfahren nach Anspruch 2. wobei besagte eukaryontische Wirtszelle eine CHO-Zelle ist 

8. Ein Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung. wobei das Verfahren umfaBt. daB eine 
therapeutisch wirksame Menge einer Erythropoietin-lsoform. hergestellt nach Anspruch 1 . mit einem pharmazeu- 
tisch annehmbaren Verdunnungsmittel, Adjuvans oder Tragermrttel kombiniert wird. 

9. Ein verfahren zur Herstellung von Erythropoietin, wobei das Verfahren im wesentlichen umfaBt. daB biologisch 
aktive Erythropoietin-Molekule mit einer identischen Anzahl von Sialinsauren pro MolekOI hergestellt werden, 
wobei besagte Anzahl ausgewahlt ist aus der Gruppe. die aus 1 bis 14 besteht. 
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10. Ein Verfahren nach Anspruch 9. in dem es 14 Sialinsauren pro ErymropdetirvMolekul gibt 

11. Ein Verfahren nach Anspruch 9. in dem es 13 Sialinsauren pro Erythropoietin-MolekQI gibt 

12. Ein Verfahren nach Anspruch 9. in dem es 10 Sialinsauren pro Erythropoietin-Molekul gibt. 

13 Ein Verfahren nach Anspruch 9. wobei besagtes Molekul produziert wird durch die Expression einer exogenen 
DNA-Sequenz in einer nicht-menschlichen eukaryontischen Wirtszelle. 

rnazeiiisch annehmbaren VerdunnungsmitteJ. Adjuvans Oder Tragermrttel kombm.ert wrd. 

Pin verfahren zur Herstellung einer Erythropoietin-lsoform nach Anspruch 1. welches die Schritte umtefit. daBein 
15, ge J^ PrtpJli isoelektrischen Fokussierung unterzogen und eine e,nze.ne Isoform 

aus dem Gel eluierl wird. 

16 Ein Verfahren zur Herstellung einer Mischung von Erythropoietin- Isoform en mrt einer 

Ifali^n pro Molekul. wobei besagte Anzahl grOBer als 1 1 «t. weiches umfaBt. daB Meters., das Erythropae- 
tin enthalt. einer lonenaustauschchromatographie unterzogen wird. 

17 Ein Verfahren zur Herstellung einer Mischung von Erythropoietin- Isoformen mit einer n vo * e ^ a ^- a r ^" 
llalinsauren pro Molekul. wobei besagte Anzahl grOBer ats 1 1 ist welches umfaBt. daB e,n Matenai, das Erythro- 
poietin enthalt. einer Chromatofokussierung unterzogen wird. 

« pm vortahren zum Erhalten einer Erythrcpoietin-Zusammensetzung mit einer vorbestimmten Anzahl von Sialirv 
dem verfahren von Anspruch 1 hergestellt sind. hergestellt wird. 

19 . Das Verfahren nach Anspruch 18. wobei besagte Mischung im wesentlichen aus wenigstens zwei Isoformen mit 
weniger als 12 Sialinsauren pro MdekOI besteht. 

20. Das Verfahren nach Anspruch 19, wcbei besagte Mischung im wesentlichen aus Erythropoietjn-lsoformen rrtt 9. 
1 0 und 1 1 Sialinsauren pro Molekul besteht. 

21. Das Verfahren nach Anspruch 18, wobei hesagte Mischung im wesentlichen aus wenigstens zwei Isoformen mil 
mehr als 1 1 Sialinsauren pro MolekOI besteht 

22. Das Verfahren nach Anspruch 21 . wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen rrtt 13 
und 14 Sialinsauren pro Molekul besteht. 

23. Ein Verfahren nach Anspruch 18. zur Verwendung in einem Verfahren zur Erhohung der Hamatokritgehalte in Sau- 
getieren. 

24. Ein Verfahren nach Anspruch 22. wobei besagtes Erythropoietin die AmJnoseuresequenz von Human-Erythropoie- 
tin aufweist 

Revendlcatlons 

Revendlcatlons pour les Etats contracts sulvant : AT, BE, CH, DE, OK, FR, GB, IT, U, LU, NL, SE 

1 Isoforme rferythropoietine isolee biologiquement acthre. ayant un point isoelectrique unique et ayantun nombre 
sp£f«*.e d'addeTsialiques par molecule derythropotetine. .edit nombre etart chcs, dans le groupe compne 
entre 1 a 14. 

2 Isoforme d'erythropoTetine selon la revendicatJon 1. dans laquelle ladrte isoforme est le produit de rexpression 
d'une sequence d'ADN exogene dans une cellule note eucaryote non-humame. 

3. isoforme d'erythropoTetine selon la revendication 1. dans laquelle ladite isoforme comprend de 1'erythropoTetine 
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a yartla6^uenced'acidesainjn6sdGr6rythropoT6tinehumain8 M65ou 1-166. 

4. isotorme d'erymropoTetine selon la revendication 1 ayant 14 acides sialiques par molecule d'erythropoTetine. 

5. isotorme d'erythropoTetine selon la revendication 1 ayant 13 acides sialiques par molecule d'erythroooTetine. 

6. Isotorme derymropoTetine selon la revendication 1 ayant 10 acides sialiques par molecule d'erythropoTetine. 

7. Isotorme d'erythropoTetine selon la revendication 2. dans laquelle ladite cellule hote eucaryote est une cellule CHO. 

8 Composition pharmaceutique comprenant une quantite therapeutiquement efficace de ladite isotorme d'erythro- 
poTetine de la revendication 1 et un support, adjuvant ou diluant pharmaceutiquement acceptable. 

9. Composition constituee essentiellement de deux ou trois isoformes d'erythropoTetine selon la revendication 1 . 

10. Composition selon la revendication 9 constituee essentiellement d'isotormes d'erythropoTetine ayant moins de 12 
acides sialiques par molecule. 

11. Composition selon la revendication 10 constituee essentiellement d'isotormes d'erythropoTetine ayant 9. 10 et 11 
acides sialiques par molecule d'erythropoTetine. 

12. Composition selon la revendication 9 constituee essentiellement d'isotormes d'erythropoTetine ayant plus de 11 
acides sialiques par molecule. 

13. Composition selon la revendication 12 constituee essentiellement d'isotormes d'erythropoTetine ayant 13 et 14 aci- 
des sialiques par molecule. 

14 ErythropoTetine constituee essentiellement de molecules d'erythropoTetine biologiquement Btfves ayant « ™ m - 
bre identique d'acides sialiques par molecule, ledit nombre etant choisi dans le groupe compns entre 1 a 14. 

15. ErythropoTetine selon la revendication 14 ayant 14 acides sialiques par molecule d'erythropoTetine. 

16. ErythropoTetine selon la revendication 14 ayant 13 acides sialiques par molecule d'erythropoTetine. 

17. ErythropoTetine selon la revendication 14 ayant 10 acides sialiques par molecule d'erythropoTetine. 

18 ErythropoTetine selon la revendication 14. dans laquelle ladite molecule est le produit de ('expression d'une 
sequence d'ADN exogene dans une cellule hote eucaryote non-humame. 

19. ErythropoTetine selon la revendication 13. dans laquelle ladrte erythropoTetine presente la sequence d'acides ami- 
nes de I'erythropoTetine humaine. 

20 Composition pharmaceutique comprenant une quanta therapeutiquement efficace d'erythropoTetine de la reven- 
dication 14 et un support, adjuvant ou diluant pharmaceutiquement acceptable. 

21 Precede pour preparer une isotorme d'erythropoTetine selon la revendication 1 . comprenant I es etapes consistent 
Ts^mettTe une IrythropoTetine purHiee a une concentration isoelectrique preparative, et a eluer une .soforme un»- 
que a partir du gel. 

22. Precede de preparation d'un melange d'isotormes d'erythropoTetine ayant un nombre P r ^T^^ 

ques par molecule, ledit nombre etant superieur a 11. comprenant le fart de soumettre la matiere contenant 
I'erythropoTetine a une chromatographie par echange dlons. 

23. Precede de preparation d'un melange dlsoformes d'erythropoTetine ayant un nombre predetermine d'acides ; siali- 
ques ipar rnolecuTe. ledrt nombre etant superieur a 1 1 . comprenant le fait de soumettre une matiere contenant de 
I'erythropoTetine a une concentration chromatographique. 

24. Composition selon la revendication 9 utilisable dans un precede pour augmenter les taux rfhematocrite chez des 
mammtferes. 
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25 Procede oour obtenir une composition d'erythropoletine ayant un nombre predetermine d'acides sialiques par 
n^a^e^oorr^mrtl la p^6peraton d'un m«ange de deux ou p.us isofan^ derythroooT^ne selon I. revendi- 
cation 1. 

26. Precede do la revendioation 25. dans lequel (edit melange est constitue essertiellemert tfau moins deux isotormes 
ayant moms de 12 acides sialiques par molecule. 

27. Procedede la revendioation 26, dans lequel .edit melange est constitue essertiellemert d'isoformes d'erylhrcpoTe- 
tine ayant 9. 10 et 1 1 acides sialiques par molecule. 

2a Procedede la indication 25. dans lequel ledrt melange est constitue esaemieOement<fau moins deux isotormes 
ayant plus de 1 1 acides sialiques par molecule. 

29. Precede selon la reverxlication 28, dans lequel ledtt melange est constitue essentiellement d'isoformes d'erythro- 
poletine ayant 13 et 14 acides sialiques par molecule. 

Revendlcatlons pour tes Etats contractants sulvant : ES, GR 

1 Precede pour preparer une isotorme d'erythropoletine biologiquement active, laquel proc6d6 

*«?ta*rm Td'eXthrooo^etine biologiquement active ayant un point isoSectnque unique et ayant un nombre 
t^^^ S^Z^e d'erylhropoletine, .edit nombre etant choisi dans le groupe compns 

entre 1 a 14. 

2. Precede selon la indication 1 . dans lequel ladH. isotorme est produite par raxpression d'une sequence <fADN 
exogene dans une cellule hOte eucaryote non-humaine. 

3. Precede selon la revalidation 1. dans lequel ladite isotorme comprend de lerythropolMne ayant la sequence 
d'acides amines de 1'erythropoletine humaine 1 -165 ou 1 -166. 

4. Precede sekx, la revendioation 1 , dans lequel ladite isotorme presents 14 acides sialiques par molecule d'erylhro- 
poTetine. 

5. Precede selon la revendioation 1 . dans lequel ladite isotorme prteente 13 eddes sialiques par molecule d^rythro- 
poTetine. 

6. Precede selon la reve«iica««, 1 . dans lequel ladle isotorme presents 10 addes sialiques par molecule d'erylhro- 
poietine. 

7. Precede selon la reversion 2. dans lequel ladite cellule hOte eucaryote est une ceDule CHO. 

8 Precede de preparation d'une corrposition pharmacautique, lequel precede comprend la 
Sapeuiqutment efficace d'une isotorme d'erythropoletine prepares selon la revend,catK» 1 avac un sup- 
port, adjuvant ou diluant pharmaceutiquement acceptable. 

9 Precede de preparation d'erythropoletine. lequel precede comprend essertiellemert la preparation demdtol« 
d' "^^log^ernanl adives ayant un nombre identique d'acides sraHques par molecule, ledrt nontore 
Start ehoisi dans le groupe compris entre 1414. 

10. Precede salon la revendioation 9. dans lequel a y a 14 addes sialiques par molecule d'erythropoletine. 

11 . Precede seton la revendioation 9. dans lequel il y a 13 addes sialiques par molecule d'erytrtopolMne. 

12. Precede salon la indication 9. dans lequel il y a 10 addes sialiques par molecule d'erythropoletine. 

13. Precede selon la revendioation 9, dans lequel ladite molfrcule est produite par .'expression d'une sequence d'ADN 
exogdne dans une cellule hOle eucaryote non-humaino. 

14 Precede de preparation d'une oonposition pharmaceutique. lequel precede comprend la cembinaison dune quart- 
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adjuvant ou diluant pharmaceutiquement acceptable. 
15 Precede de preparation d'une isoforme derythropoTetine selon la revocation 1. comprenant les etapes consis- 
unique a partirdu gel. 

16. Precede de preparation d'un melange dlsoformes d'erythropoletine ayant un nombre P r "^ rmi "^ d ;!^^ 
ques par molecule, ledH nombre etant superieur a 11. comprenant le fart de soumettre la matiere contenant 
I'erythropoTetine a une chromatographie par echange dlons. 

17. Precede de preparation d'un melange dlsoformes derythropoTetine ayant un nombre predetermine d'aades siali- 
quetl*r molecuTe. ledrt nombre etant superieur a 11 . comprenant le fait de soumettre une matiere contenant de 
I'erythrcpoTetine a une concentration chromatographique. 

18. Precede pour obtenir une conpositicxi derythropoTetine ayant un ^ re ^^ 

molecule, comprenant la preparation d'un melange de deux ou plus.eurs .soformesderythropo.6t.ne prepare** 
selon le precede de la revendication 1 . 

19. Precede de ia revendication 18. dans lequel ledit melange est constitue essentiellement dau moins deux isoformes 
ayant moins de 12 acides sialiques par molecule. 

20. Precede de la revendication 1 9. dans lequel ledit melange est constitue essentiellement dlsoformes d'erythropoTe- 
tine ayant 9, 10 et 1 1 acides sialiques par molecule. 

21 . Precede de la revendication 1 8. dans lequel ledrt melange est constitue essentiellement d'au moins deux isoformes 
ayant plus de 1 1 acides sialiques par molecule. 

22. Precede selon la revendication 21 . dans lequel ledit melange est constitue essentiellement disoformes derythro- 
poTetine ayant 13 et 14 acides sialiques par molecule. 

23. Precede selon la revendication 18. utilisable dans un precede pour augmenter les taux dhematocrite chez des 
mammrteres. 

24. Precede selon la revendication 22. dans lequel ladrte erythropoTetine presente la sequence dacides amines de 
I'erythrcpoTetine humaine. 
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